The present study is part of a project concerning the characterization of Albanian Byzantine and 10 post-Byzantine icons, through the identification of pigments, of painting technique and the state of 11 conservation of the artworks. 
Introduction

28
Entire Albania maintains countless artistic treasures, especially related to the Byzantine and post-29
Byzantine wall paintings and icons. The Museum of Medieval Art of Korça, located in the southeast 30 Albania, near the border with Greece, keeps over 6000 icons in addition to many other important 31 artistic objects. Among the icons we mention the masterpieces of leading painters such as Onufri, 32
Onufri Qiprioti, Konstantin the Teacher, Konstantin Jeromonaku, Konstantin Shpataraku, David of 33 Selenica, and the Çetiri brothers, a family of painters from Grabovë, a village in the Korça district. 34
Onufri, who was a great exponent of icon and mural painting of 16 th century, is the most important 35 painter in this museum. He painted in many churches in Elbasan, Berat, Kastoria (Greece), Zerze 36 (Prilep-Macedonia) and elsewhere. Albanian artworks, for various reasons, are not sufficiently 37 studied in terms of preparation techniques and materials used. In addition from the detail shown in Fig. 2 it is possible to observe, between the damaged areas and 64 the detachments of the paint film, the brown colour of the preparative layer. 65
The conservation state of the painting is fairly good, but the icon has been restored in the past 66 without performing analyses on pigments and on preparatory layer. 67
The main purpose of this research was the identification of the original pigments used by the 68 painter, those added during restoration interventions, the restored areas, as well as the painting 69 technique used by the anonymous painter, so supplying useful information to art historians and 70 restorers. 71
The The experimental data obtained by X-ray fluorescence are collected in Table 1 and visually  134 summarized in figure 3 , where the occurrence of the principal elements -detected on the basis of 135 the counts measured for the main peak of each element -in the different analysed spots is plotted. background, is shown, we can make some considerations, regarding the different areas: 226
• In the areas where the preparatory layer is emerging due to the loss of metal coating we 227 can notice the preparatory drawing. 228
• The presence in the background of iron oxide (bole residue?) can be seen here and there, 229 13 where the lower the UV fluorescence; 230
• Areas where there is lead white are revealed by the strong UV fluorescence; 231
• Cinnabar strokes under UV radiation change to a red-purple tone; 232
• Dark brown colour reveals the presence of iron oxides that darken under UV radiation. 233
• The green colour, where copper compounds are present, turns from green to black. 234 235 236
Observing the figure 6, in the areas corresponding to detailed wings of the Archangel, we can note 237 the overlap of the brushstrokes with various shades of colour formed by overlays of arsenic 238 sulphide to cinnabar. The mantle is obtained using cinnabar with broad dark lines to give the 239 shadows that under the UV radiation appear to have a different response with a darker colour. 240 The colour of the wings was obtained with ochre, as a base, realgar (dark red strokes) and orpiment 250 (yellow points and lines), the latter giving a green fluorescence in the UV image. The hue range of red pigments varies from light orange to dark red/brown. The red inorganic 260 pigments generally used in this icon were red ochre, realgar and cinnabar (HgS). In some cases red 261 tonalities were obtained from appropriate mixtures of these pigments with lead white. There is no 262 evidence of the use of lakes. Cinnabar is revealed in four of the examined areas, but it is highlighted the contemporaneous 278 presence of other pigments, with their less or more strong spectral response. So it is explained the 279 XRF signal of copper in the spot 4; whose presence is revealed by the deformation of line of second 280 derivative in the range 400-500 nm. The curve corresponding to the dark red wings (spot 7) reflects 281 the predominant presence of red ochre and ivory/bone black. Finally the red tone of mantle was 282 obtained using cinnabar with lower amounts of lead white (note the slight shift of the peak in the 283 second derivative curve toward higher wavelengths). 284 285 3.3.2. White 286
Areas containing lead white are clearly evidenced ( fig. 4) by the strong response to UV illumination 287 (Aldrovandi et al. 1996) and by XRF in various spots, both as white colour and in mixture with 288 other pigments. White pigments ZnO and BaSO 4 , as already remarked, are due to restoration 289 interventions. 290
In this icon we did not found the presence of a filler layer formed using lead white (Civici et al. 291 2008) or the presence of a second thick white or slightly coloured preparatory layer, known as 292 We have compared three different brown areas (see figure 11 ), corresponding to the spots 2 (brown 329 hair), 6 (brown sword) and 11 (light brown of the sword handle). Appropriate layers containing 330 ivory/bone black, white lime, ochre, red lead and cinnabar give the different tones. Looking at the 331 figure 11 we can infer the high content of cinnabar used to render the hair hue (spot 2). As well as 332 you can see the same feature for points 6 and 11, where the slope of the reflectance curves is 333 dominated by the ratio of white lime and black in the mixture. The presence of red ochre on the 334 layer under the sword handle (spot 11) is shown by the slight curvature around 570 nm. 335 336 337 338 Figure 11 . Reflectance curves referring to spots 2, 6 and 11 in Archangel Michael and their second 339 derivatives compared with the spectra of burnt umber 340 341
Conclusions
342
The icon studied in the present work represents an interesting example of the Albanian Byzantine 343 art of 14 th century. Its anonymous author follows the iconographic tradition, with some 344 peculiarities. 345
The non-destructive methods that we have used provide information to identify the pigments and 346 the preparation of the icon worked by the anonymous artist. 347
For the preparatory layer, the painter employed lime coloured with brown ochre (as suggested by 348 the contemporary presence of manganese and iron) and, in limited areas, ivory/bone carbon (as 349 indicated by the contemporaneous presence of calcium and phosphorus) or copper based 350 compounds. The absence of sulphur suggests the main use of calcium carbonate rather than the 351 more usual gypsum. Noteworthy a difference is related to the nickel content: this element is present 352 only in three areas, at the contrary it always accompanies iron in ochre in the other artwork of 14 th 353 century, St Nicholas, painted for the same church of Mborje, investigated in a previous study 354 (Franceschi et al. 2011 ). 355
Through our study we also detected the previously restored areas of the icon and the kind of 356 pigments utilized by restorers in a period of time from the first half of 1800 (as denoted by the 357 presence of blanc fixe).
358
The anonymous painter's palette of the 14 th century previously studied was very poor, including 359 lead white, cinnabar, red and yellow ochre, brown earth, realgar and ivory/bone black and probably 360 indigo. 361
22
This icon of the same century, object of the present study, is more richly coloured. The use of 362 mixtures of various pigments, in different proportions, allowed the artist to get a more wide variety 363 of colours. To be noted the presence of green with different shades obtained using a copper 364 compound with arsenic sulphide. 365
Furthermore, the spectral reflectance measurements of the different pigments gathered in this work, 366 in addition to recognizing the conservation status of the examined artwork, will also be useful for 367 future restoration intervention. In conclusion, the set of non-destructive techniques employed in this 368 study has proved to be very useful for recognizing pigments, including those not detectable with 369 certainty by means of X-ray fluorescence. 370 371
